The article presents an attempt to analyse population changes and to measure the strength of the impact of factors causing these changes in former voivodeship (province) cities in Poland. In view of the ongoing processes of suburbanisation, the discussion also concerns the areas surrounding the city, i.e. those creating urban systems together with the city. These zones were delineated, calling them demographic influence zones, because only demographic factors were involved in defining them. The research was conducted in the period between1999-2015, and took into account the administrative reform of the country that degraded 31 cities from voivodeship (NUTS-2) capitals to poviat (LAU-1) cities. The main aim of the study was to find an answer to the question: do the directions and the strength of population changes confirm a hypothesis of the destructive impact of the loss of administrative function on settlement units. The results of the study only partially confirmed this hypothesis. Although a decrease in the population is overwhelmingly predominant in the city core, in the case of the demographic influence zone, it has already increased. Counting both parts together, it was found that in half of the cases there was a decline and in the other half a growth of the population.
Introduction
Today in Poland there is an inverted trend in population development in the context of cityvillage. For many years, the development of towns has been greater than rural development. It was only at the end of the 20 th century that the trend was reversed (KANTOR-PIETRAGA, 2014a ZBOROWSKI ET AL., 2012) , and now many Polish cities are affected by the process of depopulation. This is partly related to the second demographic transition occurring in Poland (KUREK, 2011; WALFORD & KUREK, 2016) . However, the processes of systemic transformation which resulted in major changes in the factors of their development are also an important impulse for demographic changes in Polish cities (WĘCŁAWOWICZ, 2016; PARYSEK, 2004) . From the viewpoint of city size, it seems that the large and smallest towns have been the most affected by the depopulation process in Poland (DŁUGOSZ & BIAŁY, 2015; KAMIŃSKA & MULARCZYK, 2014; CZARNECKI, 2011) , and middle-size towns to a lesser extent (PANECKA-NIEPSUJ, 2013; RUNGE, 2011 RUNGE, , 2016 . In contrast, from the viewpoint of city function, it seems that post-industrial cities have been the most affected (DŁUGOSZ, 2017; LAMPRECHT, 2013; SPÓRNA & KURPANIK, 2013; RUNGE, 2008; KRZYSZTOFIK & SZMYTKIE, 2018) . Obviously, Poland is not an exception among European postcommunist countries. The demographic changes presented here are also observed in other countries of the region (ANTIPOVA & TITOV, 2016; BERNT ET AL., 2014; MARSZAŁEK, 2017; MYKHNENKO ET AL., 2010; SMĘTOWSKI, 2018; ŠPROCHA ET AL., 2017) , and their driving force also comes from the processes associated with the second demographic transition (LESTHAEGHE, 2011; SOBOTKA, 2008; WILSON, 2013) and systemic transformation (KOLLMORGEN, 2013; MOLE, 2012; NORKUS, 2012 ; ROAF ET AL., 2014) and, in some countries, they are also derived from former (BOJKOV, 2003 ; DELANEY ET AL., 2017) or current armed conflicts (KATCHANOVSKI, 2016; KOLOSOV, 2018) .
Placing the administrative function in a catalogue of reasons for functional development or degradation of cities is not easy. The mere perception of the administrative function is related to many scientific disciplines and to a diversity of approaches. In geographic studies, administrative functions have been included in theoretical considerations in different concepts of urban development. It should be stressed, however, that they have never been analysed in terms of their independent impact on the structure, potential or demographic changes of settlement units. The theory of economic base indicates the indirect significance of the administrative function in the development or degradation of cities (BUDNER, 1999; DZIEWOŃSKI, 1967 DZIEWOŃSKI, , 1972 WALKIEWICZ, 2006) . Studies on this problem indicate that the representation of the issue of the administrative function in the research programme of the functional analysis of cities takes too little space and does not fully explain the role it plays (BERRY & HORTON, 1970; HUDSON, 1970; KACZMAREK, 1996; NELSON, 1955 , PUMAIN & SAINT-JULIEN, 1978 . The theory of central places provides a slightly clearer indication of the significance of the administrative function (DZIEWOŃSKI, 1972; MAIK, 1997; SULIBORSKI, 2010) , but a need for a separate identification of the notion of central functions and administrative functions should be clearly emphasised (LISZEWSKI, 1992) . Too much importance assigned to the administrative function in this theory is explained by its essence (CHABOT & BEAUJE-GARNIER, 1971 ), which has too limited a scope to become the basis of urban functions, especially at the lower levels of territorial administration. The question of considering the administrative functions holistically is presented by the concept of dualism of settlement phenomena and the multilevel concept of space function (MAIK, 1988 (MAIK, , 1992 or the resilience theory (WILSON, 2012) . Both the former and the latter point to the need for a cause and effect interpretation in a broad socioenvironmental context. Nevertheless, to understand the relevance and to interpret theoretical links between the selected phenomena, it is desirable to conduct studies identifying them in a direct way. The institutional organization of the town (SZAJNOWSKA-WYSOCKA, 1993 , 1995 , the function of the space (SULIBORSKI, 2001; , the concept of regional governments and a territorial social system (CHOJNICKI, 1999) , or the concept of urban regime (SAGAN, 2000) all refer to this.
In this context, the former voivodeship (NUTS-2) cities in Poland should not be seen as being specifically affected by the degradation process due to their average size, measured by size of the population. However, there is a widespread belief that the loss of the administrative function is a factor conducive to destructive processes, including increased depopulation (WENDT, 2001; KOMOROWSKI, 2012) . However, there are more and more opinions that the loss of the administrative function does not have to mean city degradation (KURNIEWICZ & SWIANIEWICZ, 2016; SZYMAŃSKA, 2015) . In the economic development perspective, objective indicators do not seem to confirm the negative impact of the loss of administrative functions (SOKOŁOWSKI, 2011; WILK, 2004) . This issue is somewhat differently viewed in terms of social development and social perception (KRYSIŃSKI, 2013; SPRINGER, 2016) . Therefore, a question arises as to whether the population changes in the former voivodeship cities analysed in the context of suburbanisation processes causing their degradation and whether this is related to the loss of administrative function. Here one can put forward an idea that if the loss of the administrative function plays a key role in the demographic development of cities, all former voivodeship cities together with their demographic influence zones should suffer the negative effects of this situation.
The subject of this article is to show both the magnitude of population changes and to indicate the strength of factors causing these changes in the former voivodeship cities in the context of settlement processes, especially suburbanisation. With this in mind, all analyses will be conducted in three spatial dimensions, taking into account the city within its administrative boundaries (city core: CC), its suburban area, defined as the demographic influence zone (DIZ) and the urban system (US = CC + DIZ). Taking into account the processes of suburbanisation occurring in Poland (LITYŃSKI & HOŁUJ, 2017; PARYSEK, 2008; RUNGE & KŁOSOWSKI, 2011; SPÓRNA, 2018) , only such an approach provides a holistic analysis of demographic changes in the former voivodeship cities.
The temporal scope covers the 15 years that have elapsed since the last administrative reform of Poland. This will allow an assessment of whether loss of the administrative function has had a destructive effect on the population of former voivodeship cities. In this context, the main aims of the article are to answer the questions:  What direction did population changes take in the former voivodeship cities treated as cities within administrative boundaries and as an urban system with an external zone (DIZ)?  What is the strength of the influence of particular factors of demographic development on population changes in these cities, their external zones and the entire systems?  Is there a confirmation of the negative impact of the loss of the administrative function on demographic development?
Data sources and methods of analysis
The data used in the study comes entirely from the official data provided by Statistics Poland (https://stat.gov.pl/en/), more precisely from its two databases: LOCAL DATA BANK AND BAZA DEMOGRAFIA (available only in Polish). While conducting research based on official data presented by Statistics Poland, it should be noted that they represent an excessively optimistic picture of the demographic situation owing to inappropriate migration formulas that are not included in the official statistics (cf. DRBOHLAV, 2012; OKÓLSKI, 2018) . Similarly, changes in the administrative boundaries of cities and partly undeclared internal migrations exert a distorting effect, mainly resulting in the underestimation of the population of attractive agglomerations and suburban areas and, at the same time, overestimating peripheral areas (cf. KANTOR-PIETRAGA, 2014B; PARYSEK & MIERZEJEWSKA, 2009; ŚLESZYŃSKI, 2016) .
Several methods and techniques have been used in the study to achieve the pursued aims. Firstly, delimitation of demographic influence zones (DIZ) was made for the former voivodeship cities. Many methods are used to determine the extent of a suburban area (cf. FALKOWSKI, 2009; STASZEWSKA, 2013; ŚLESZYŃSKI, 2013) . The methodology adopted by ŚLESZYŃSKI (2013) and used to define the socalled urban functional areas (UFA) was applied (cf. ILNICKI & MICHALSKI, 2015; BARTOSIEWICZ, 2015) . Based on SULIBORSKI 'S guidelines (1985) , namely that the extent of a suburban area is determined by the examined function and objectives it is supposed to serve, the number of indicators used to delineate this has been reduced to two:  F1 -the number of people leaving for hired labour to the core of UFA per 1,000 working age (women: 18-59 years, men: 18-64 years) of the population of the given gmina (LAU-2) (2011 1 ) -the recommended value above 50.00;  F2 -the number of registrations from the core of UFA per 1,000 inhabitants of the gmina (2015) -the recommended value above 3.00.
In the adopted method of classifying individual gminas into DIZ, the methodology of weighting was applied to give both indicators weights according to the recommended value for the indicator (SZYMAŃSKA, 2018): the indicator value of 100% -5 points, 75-99% -4 points, 50-74% -3 points, 25-49% -2 points, less than 25% -1 point. Next, the mean value of the weights for both indicators was calculated (the range is between 0-5). Gminas with a value of the indicator weights within the range of 4-5 were included in the demographic influence zone, recognising them as being strongly related in terms of both commuting to work and settling down. The condition of meeting the spatial continuity of the DIZ was considered important; therefore,  in the case of urban-rural gminas, if at least one of its parts, i.e. the urban or the rural area, reached the required level of the indicators, the whole area of the gmina was included in the zone;  a gmina that did not reach the required indicator value but was surrounded by gminas included in the zone was also included into the DIZ. However, it should be clearly stressed that one must not identify such delineated DIZs with other perspectives of peri-urban areas, such as rural-urban fringe, areas covered by urban sprawl, suburbia, etc. because these emphasise other aspects of peri-urban areas (see: COUCH HARASIMOWICZ, 2018; LITYŃSKI, 2015; SULLIVAN & LOVELL, 2006) .
In total, for 31 former voivodeship cities 220 gminas were included in the zones, including 8 urban gminas, 35 urban-rural gminas and 177 rural gminas. The results are presented in Fig. 1 .
Designation of the DIZ allowed conducting detailed demographic analyses in three spatial dimensions:  City core (CC) -an area within the administrative borders of the former voivodeship city;
 Demographic influence zone (DIZ) -an external zone designated by indicators F1 and F2;  Urban system (US) -the total area of CC and DIZ. The calculation of the balance of population changes and the dynamics of these changes in all dimensions was based on formulae according to which the balance of population changes means the difference between the final and the initial population numbers. The dynamics of these changes is a fixed base index of dynamics, which gives the percentage change in the level of a phenomenon in the final period relative to the initial period (cf. TIMOFIEJUK ET AL., 2003).
Next, three factors causing the population change were analysed: the balance of the administrative changes, the rate of natural increase and the net migration rate. The analyses related both to the value level of the factor concerned at a given time and to the strength of its impact on the population change.
The balance of administrative changes concerned the changes in the borders between gminas which were made since the last territorial reform of Poland, i.e. from 01 Jan. 1999 to 31 Dec. 2015. The study identified a change in the area and the accompanying population changes (cf. SZMYTKIE & KRZYSZTOFIK, 2019). Webb's typology (cf. RUNGE, 2007) was applied to determine the significance of natural increase and the migration rate. There are 8 demographic types: A -positive natural increase exceeds negative migration balance, B -positive natural increase exceeds positive migration balance, C -positive migration balance exceeds positive natural increase, D -positive migration balance exceeds negative natural increase, E -negative natural increase exceeds positive migration balance, F -negative natural increase exceeds negative migration balance, G -negative migration balance exceeds negative natural increase, H -negative migration balance exceeds positive natural increase.
Demographic types were determined as an average of the whole research period (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , which means that Webb's typology was calculated from the total natural increase and the net migration rate in absolute values for all the years analysed.
In the final stage, the strength of the impact of individual factors on population changes was determined. To calculate it, a structure indicator formula was used, which was calculated from the absolute values of the administrative change balance, the rate of natural increase and the net migration rate from 1999 to 2015, according to the formula:
where: Ist -structure indicator; ni -the number (frequency) of the specified ivalue of the variant of the feature.
After calculating the strength (in %) of individual factors, they were assigned an appropriate symbol of the direction of changes ("+" the factor causes population growth or "-" the factor causes population loss).
The balance of population changes in urban systems of former voivodeship cities
Analysis of the population balance during the examined period in terms of absolute values and the relative rate of change is the basic element in defining population changes (Table 1) Consistent with the anticipated trends of the ongoing processes of suburbanisation of CC, in most cases (27) there was a decline in the population, while the DIZ significantly increased their demographic potential (only the DIZ of Wałbrzych was characterised by a population loss).
However, analysis of the entire urban system (US) balance indicated that slightly over half of them (16) showed regressive trends, i.e. the depopulation of the core city is not balanced out by the growing population of the demographic influence zone (the largest decline of over 5% was recorded in the USs of Wałbrzych, Jelenia Góra and Częstochowa). The remaining urban systems maintained a population growth (the largest, of over 8%, occurred in the USs of Nowy Sącz and Leszno).
Given the relationship between this process and the loss of the administrative function, the hypothesis of a direct impact on the degradation of the city is not confirmed. Almost half (48.4%) of urban systems did not suffer a population loss.
Factors influencing population changes
Among the elements influencing population changes in territorial units or their systems, the factors related to changes in administrative borders, the natural movement of the population and migratory movement are distinguished.
The balance of changes of administrative borders
Firstly, one should refer to the factors related to administrative changes. The analysis of administrative changes during the examined period was impeded by the difficulty in comparing the unit's area between the extreme years. The difference in the surface area between 2016 and 1999 is not equal to the administrative changes. This is due to the fact that the Chief Office of Geodesy and Cartography introduced a new method for calculating the area in 2005, based on computer data of the National Register of Boundaries and Areas of Territorial Division Units and systematically recalculating surfaces of all administrative units throughout the country. Therefore, the new values shown in the statistics often do not result from changes in administrative boundaries, but only from using a different calculation method. As a result of these recalculations in the former voivodeship cities, 4 of them (Legnica, Sieradz, Słupsk, Tarnów) did not change their area, 12 cities (Chełm, Częstochowa, Elbląg, Jelenia Góra, Konin, Koszalin, Krosno, Nowy Sącz, Przemyśl, Radom, Skierniewice, Suwałki) increased their area, and 15 cities (Biała Podlaska, Bielsko-Biała, Ciechanów, Kalisz, Leszno, Łomża, Ostrołęka, Piła, Płock, Piotrków Trybunalski, Siedlce, Tarnobrzeg, Wałbrzych, Włocławek, Zamość) decreased their area.
Therefore, in the analyses of administrative changes, reference was made not so much to the difference in the area of the units in time as to all the changes occurring since the new territorial division of the country came into force on the basis of the decision of the Council of Ministers published in the Journal of Laws.
In view of the progressive process of suburbanisation, more and more cities are deciding to expand their administrative boundaries. While the situation is quite common among the current voivodeship cities, these changes occur on a much smaller scale in the case of the former voivodeship cities (Table 2) .
Since 1 January 1999, only 7 former voivodeship cities out of 31 have made changes in their administrative boundaries. Six of them have increased their area, and one (Piotrków Trybunalski) reduced it by 113 hectares, which resulted in a reduction of the population by only 31 people. The remaining cities increased their area by over 34 km 2 in total, which resulted in a population growth of around 3,000 people. The biggest changes concerned two cities, Kalisz and Koszalin, which together covered over 85% of the area of growth for the entire group of former voivodeship cities.
Similarly, rather insignificant administrative changes concerned the units being part of the DIZ of the former voivodeship cities. Out of 31 DIZs, the gminas being part of less than half of them, i.e. 15 DIZ, made changes in their areas. The exchange of land occurred in three directions: 1) between the units within the zone, 2) with a former voivodeship city and 3) with areas outside the zone.
Overall, for the outcome of administrative changes, DIZs recorded land and population losses. A loss of land of 3,885 hectares and a population change of 3,889 people occurred in 84.6% in favour of areas of the former voivodeship cities (CC). Only 596 hectares, inhabited by 830 people, were transferred to gminas outside the zones. From that direction, DIZs gained 2023 hectares of land and 629 inhabitants. The biggest changes in this regard were in the DIZ of Suwałki 2 and DIZ of Leszno 3 . Changes within zones had the smallest share of administrative shifts. These concerned only 565 hectares inhabited by 647 people. The most significant exchange took place in 2001, between the gminas of Ruja and Kunice in the DIZ of Legnica.
Given the area of former voivodeship cities, including the DIZ, these urban systems were enlarged by an area of 1,427 hectares. However, the expansion of the area was not associated with population growth, because as a result of these changes, urban systems of the former voivodeship cities lost 201 people. In view of the fact that this is an extremely small balance, an assumption of the stability of urban systems of the former voivodeship cities can be adopted for further consideration, because they do not significantly affect the population changes. 4.2. Impact of natural increase and the net migration rate Natural increase and net migration rate are considered the most important factors affecting population changes. They affect both the pace of demographic development and the direction of change. They were presented in the form of demographic types according to Webb's typology.
The analysis of Webb's demographic types between 1999 and 2014 showed some regularity (Table 3 ). In the vast majority, the core cities of the former voivodeship cities represented depopulation types (F -2 CC, G -12 CC, H -12 CC), where a high negative net migration rate was the most common cause of population loss. Only 5 cities represented progressive type A (Biała Podlaska, Leszno, Siedlce, Skierniewice and Suwałki), in which the negative net migration rate was exceeded by a positive natural increase. Such selective analysis would lead to the conclusion that, after the loss of administrative rights, the former voivodeship cities have become exceptionally heavily depopulated, especially with the negative impact of migratory movements.
A slightly different image appears when the DIZs of the former voivodeship cities are included in the analysis. Like most suburban areas, they showed a different type of development. The DIZs largely represented progressive demographic types (A -1 DIZ, B -4 DIZ, C -12 DIZ, D -8 DIZ). In this case, migration movements also had the greatest impact on population growth. The depopulation type was represented by 6 DIZs (Sieradz, Skierniewice, Suwałki, Tarnobrzeg, Wałbrzych, Włocławek), and the negative natural increase was the most common factor deciding population losses. Therefore, DIZs were mostly progressive types, where the population growth was due to new inhabitants settling down. It is apparent from the essence of the creation of suburban zones that they are mainly joined by the core city population. This regularity would justify the CC depopulation. However, as DZIEWOŃSKI (1987) and SŁODCZYK (2001) emphasise, the core city and its suburban area are closely linked to each other both by commuting to work and by using services and the infrastructure. They should be considered as a coherent coexistent organism in which the development of one part benefits the other. For this purpose, the fullest image is obtained when the CC and the DIZ are treated as one urban system. In such a case, migration movements between CC and DIZ are eliminated. The demographic types of the US were much more diverse. The progressive character characterised 15 US (A -11 US, B -2 US, C -2 US), while the remaining 16 exhibited depopulation traits (F -4 US, G -7 US, H -5 US). However, this balance is not the same, as the progressive types which increased the population number as a result of stronger positive natural increase, while the regressive types lost the population mainly as a result of a stronger negative net migration rate (Fig. 2) . Also in the spatial distribution, it is difficult to find a regularity of the regional distribution of demographic types of the former voivodeship cities and their surroundings. Thus, the results indicate that it is difficult to conclude unequivocally that a loss of the administrative function has negatively affected the demographic development of the former voivodeship cities. Firstly, they are subject to the same laws of settlement development as other urban centres, which result in the intensification of suburbanisation processes. Secondly, the demographic development of entire urban systems varies, suggesting the impact of other factors rather than the loss of the administrative function. Otherwise, all urban systems should definitely represent regressive types. 
Idealization
The simultaneous measurement of the impact of natural increase (NI), the net migration rate (MPR) and the administrative balance (AB) of the population development of the former voivodeship cities is the final stage of the analysis (Table 4) . In the CC, the negative net migration rate exerted the biggest destructive impact. In the case of 13 cities, it was intensified by natural losses. The remaining ones (18) showed a positive impact of the natural increase factor, but only in 5 cities did it outweigh migration losses. The administrative changes did not have a greater significance in this regard, although generally this factor positively influenced the population change. It significantly increased the population resources only in Koszalin and Kalisz.
The migration factor had the most powerful influence on DIZ. In this case, however, in most zones the direction of influence was positive. Only 3 DIZs marked the negative influence of the migration factor (Elbląg, Suwałki, Wałbrzych). The natural increase factor was more diverse, but overall it played a positive role, albeit with less impact. Only in 3 DIZs did its negative strength exceed the positive impact of the net migration rate (Sieradz, Skierniewice, Włocławek). Likewise, administrative changes acted in the opposite direction to those in the CC. They reduced the population potential of the DIZ, although to a small extent. In this respect, the zones of Koszalin and Kalisz recorded large losses.
The measurement of the influence of the population ch ange factors in whole urban systems strongly pointed to the negative direction and the high strength (less than in CC) of migration losses. Only 4 USs of those analysed were positively influenced, and 3 werevery strongly influenced (Bielsko-Biała, Koszalin, Leszno). In as many as 11 USs there was a very strong positive effect of the natural increase that exceeded the negative impact of the migration factor. Administrative changes in whole USs are negligible, as the largest exchanges took place between the CC and the DIZ.
In general, the analysis of the impact of individual factors on population changes indicates a very strong negative impact of migration movements. For this reason, large population losses in CCs cannot be balanced by the influx of people into the DIZ. USs mostly owe their development to natural increase. In that regard, one cannot unequivocally claim that the loss of administrative function remains without effect on the population changes. In principle, only two centres, Koszalin and Bielsko-Biała, can be considered to be developing. Perhaps had it not been for the loss of their administrative function, their development would be even stronger. 
Conclusions
The progressive suburbanisation processes require analysis of population changes in larger urban systems, including the zones of influence. The commuting and registration of the core city population indicator allowed us to distinguish the demographic influence zones of the former voivodeship cities. As a consequence of this, the analysis was conducted in 3 spatial dimensions (core city, demographic influence zone, urban system). There were significant differences between these zones in the trends of population changes. It was found that population changes showed strong losses in the CC, population increases in the DIZ and a diverse situation in the US -almost half of them exhibited increases and half losses.
These changes were influenced by three direct factors: natural increase, net migration rate and administrative changes. The measurement of the strength of influence of these factors showed that the migration factor had the greatest destructive significance for former voivodeship cities. It resulted in population loss in the CC and in whole urban systems. The strong positive impact of the migratory influx into the DIZ did not balance out the negative strength of this factor in the CC. In the case of USs showing population growth, they resulted from the positive influence of the natural increase factor, most often in the DIZ, but sometimes also in the CC. Administrative changes played an important role only in the case of exchanges between the CC and the DIZ (if any), without having a greater significance in the development of the entire US.
As regards the hypothesis put forward in the introduction the loss of the administrative function caused negative demographic consequences for former voivodeship cities. It was found that analysis of population changes does not indicate any impact of the loss of the administrative function on the degradation of the former voivodeship city. However, this applies only to a situation where we take the entire US into consideration. Indeed, in the vast majority of cases the CCs themselves have reported population losses (mainly in favour of DIZs) -but this process does not result from the loss of the administrative functions by these cities, but from the processes of suburbanisation occurring all over Poland (GAŁKA, WARYCH-JURAS, 2018 ; SZYMAŃSKA ET AL., 2009). However, when reference is made to the strength of the influences of the factors causing the administrative changes, this conclusion is no longer so unambiguous. All urban systems of former voivodeship cities were severely affected by the negative impact of migratory movements. Only two of them (Koszalin and Bielsko-Biała) resisted this phenomenon.
The obtained results incline one to agree with the opinions (KURNIEWICZ & SWIANIEWICZ, 2016; SOKOŁOWSKI, 2011; SZYMAŃSKA, 2015; WILK, 2004) that the loss of the function of a voivodeship capital has not affected the population and economic functioning of these cities in a significantly negative way.
